Current Issues in Pharmacy and Medical Sciences complication in the GIT: inhibition of COX enzymes and cytoprotective PG, membrane permeabilization and the production of additional pro-inflammatory mediators. Selective COX-2 inhibitors (coxibes) were developed in order to reduce the side effects of NSAIDs that are associated mostly with the suppression of the constitutive COX-1 enzyme. However, recent studies using selective COX-1 and COX-2 inhibitors noted an overlapping action of both isoforms, and that both isoforms are involved in homoeostasis processes, just as both are modulators of inflammatory reactions [14] . Furthermore, serious cardiovascular toxicity is associated with the use of selective COX-2 inhibitors [4] . As a result, the search for safe NSAIDs has continued. In the past few decades, several compounds have been developed to block both COX and lipooxygenase (LOX). Dual COX/LOX inhibitors constitute a valuable alternative to classical NSAIDs and selective COX-2 inhibitors for the treatment of inflammatory diseases [10] . Moreover, they appear to be almost exempt from gastrointestinal toxicity. One of the most potent dual inhibitors is darbufelone (with the active substance 2-amino-5-(3,5-ditertbutyl-4-hydroxybenzylidene)-thiazol-4-one) [10] .
Different NSAIDs are widely use for the treatment of different pathologies. Their use is often accompanied by acute or chronic stress. Both stress and NSAIDs may result in the alteration of digestive system functioning. The purpose of our study was to clarify whether in rats, the combined action of experimental stress and different NSAIDs (conventional, selective COX-2 and dual acting) induces changes in lipid peroxidation and in the nitric oxide (NO) system indices, in organs of the GI tract.
MATERIALS AND METHODS

Animals.
The structure of this study and the experimental procedures performed on the animals were approved by the Ethical Committee of Lviv National Medical University. The experimental procedures were carried out in accordance with international guidelines for the use and care of laboratory animals. Male, outbred Wistar rats weighing 200-220 g were used. They were housed under conditions of controlled temperature (21-22°C) and light cycle (lights on at 08:00 and off at 20:00) and fed standard rat chow and water ad libitum. The rats were fasted for 24 hours prior to the experimental procedures.
Water-immersion restraint stress. The (WRS) model was used to induce stress. The rats were restrained in wire cages and immersed up to the depth of the xiphoid process, in a water bath (23°C), for 5 hours, to induce gastric mucosal lesions, as previously described [4] .
Test drugs. Naproxen, celecoxib and 2A5DHT (which is the active substance of darbufelone) were examined in both models of gastric damage. Before the administration, the drugs were dissolved in a small amount of DMSO, then suspended in 1% carboxymetylcellulose. Naproxen, celecoxib and 2A5DHT were administered intragastrically (via an orally introduced polyethylene tube) at a single dose (10 mg/kg; volume of 1 mL) 30 min prior to WRS.
Synthesis of 2-amino-5-(3,5-ditertbutyl-4-hydroxybenzylidene)-thiazol-4-one (2A5DHT).
The starting 2-aminothiazol-4-one was obtained according to the method described previously [15] . Elemental analyses (C, H, N) was performed using the Perkin-Elmer 2400 CHN analyzer. The analyses indicated by the symbols of the elements or functions were within ±0.4% of the theoretical values. The 1 H-NMR spectra were recorded by using a Varian Gemini 400 MHz, in a DMSO-d 6 +CCl 4 mixture, employing tetramethylsilane (TMS) as an internal standard. Chemical shifts are reported in ppm units with use of the δ scale.
Mixtures of 2-aminothiazol-4-one (5 mmol), 3,5-ditertbutyl-4-hydroxybenzaldehyde (5.5 mmol) and anhydrous sodium acetate (5 mmol) were refluxed for 3 h in glacial acetic acid (10 ml). The obtained powder was filtered off, washed with water and recrystallized with glacial acetic acid (Fig.1) Study protocol. The rats were randomly placed into 5 groups (n=8 in each group). Group 1 consisted of rats treated only with the vehicle (Control). The other groups of rats were pretreated with vehicle (group 2), naproxen (group 3), celecoxib (group 4) and 2A5DHT (group 5). The 2 nd -5 th groups were subjected to WRS for 30 min after treatment with the above-mentioned drugs. The rats were then anaesthetized with 1 ml of urethane at a dose of 1.1 mg/kg injected intraperitoneally, and killed by cervical dislocation. A blood sample from the cervical vessel was immediately collected into vials containing 0.1 mL of heparin. The small and large intestines were then harvested, opened and washed in isotonic sodium chloride solution. Samples of the mucosal membranes of the small and large intestines, the muscular membrane of the large intestine and samples of pancreatic tissue were collected and homogenized in saline (1:4), centrifuged at 2,000 g and the supernatant was used for the measurement of various biochemical parameters (see below).
Biochemical assessment. Lipid peroxidation levels were determined as malonic dialdehyde (MDA) concentration in homogenates of the mucosal and the muscle membranes, as well as the pancreas, and were measured by the method described in detail previously [13] . NOS activity (iNOS and cNOS) [13] was expressed in nmol NADPH/min•g of protein, while Arginase activity was determined by the method [5] , and was expressed in μmol/min•mg of protein.
The concentration of L-arginine in the plasma samples was measured according to the method of Alejnikova, previously described [4] .
Statistical analyses. The data are expressed as mean ± SEM. Statistical comparisons were performed with Student's t test. Comparisons involving more than two groups were performed by a one-way analysis of variance (ANOVA). Differences with p-value < 0.05 were considered as significant.
RESULTS
Our results revealed that there was a low concentration of MDA and significant activity of cNOS throughout the GIT of vehicle-treated rats, while iNOS activity was low (Tab. 1). This is consistent with the previously reported data [3, 4, 13] .
The effect of being subjected to WRS resulted in a considerable increase of MDA concentration in all studied organs of the GIT (by 18% (p < 0.01), 40% (p < 0.01), 17% (p < 0.05) and 22% (p < 0.05) in the pancreas and mucosal membranes of the small and large intestines, and the muscular membrane of the large intestine, respectively). We can also confirm that the stomach is the organ most sensitive to the influence of oxidative stress as induced by WRS, because, as was previously revealed [4] , lesions had developed only in the stomach. It should be also pointed out that the concentration of MDA was initially much lower in the muscular membrane of the large intestine and higher in the pancreas.
Subjecting the rats to WRS resulted in a considerable increase of iNOS activity (p < 0.01), and a concomitant decrease of eNOS and arginase activities. The highest rate of changes was seen in the large intestine, where iNOS activity increased 4.6 fold (p < 0.01) in the mucosal membrane, and 5.9 fold (p < 0.01) in the muscular membrane. These results are likely a consequence of the increased activation of NO synthases, increased concentrations of L-arginine (the substrate for NOS), and a decrease in the plasma (p < 0.05) (Fig. 2) . Results are expressed as the mean ± SEM for 8 rats per group; * p < 0.05, versus the indices in vehicle + WRS Administration of naproxen prior to WRS resulted in similar changes within all studied organs. These changes were manifested by a significant decrease of iNOS enzyme activity, as compared to the effect in the vehicle + WRS group. A statistically significant decrease of cNOS activity was only seen in the the large intestine (p < 0.05). However, the activity of arginase remained lower than normal, while MDA concentration practically did not change significantly.
The indices of the NO synthase system in the groups of rats pretreated with celecoxib before WRS did not differ subsequently from those in the group vehicle + WRS, in all studied organs -with the exception of the pancreas parameters, where the activity of iNOS decreased (by 49%, p < 0.05). Note: an evident tendency existed for the decrease of MDA concentration in the pancreas and in the small intestine, however this concentration remained practically unchanged in the large intestine. Results are expressed as the mean±SEM for 8 rats per each group; * p < 0.05, ** p < 0.01 versus the indices in vehicle + WRS; # p < 0.05, ## p < 0.01, versus the indices of vehicle-treated rats (data were compared using Student's t test and ANOVA, differences with p-value < 0.05 were considered as significant).
Administration of the dual COX/LOX inhibitor 2A5DHT prior to WRS brought about a decrease of iNOS activity
Current Issues in Pharmacy and Medical Sciences (p < 0.05 for all studied tissues excepting the small intestine), as compared to vehicle + WRS, with a subsequent rise of cNOS activity (p < 0.05), and a tendency towards an increase of arginase activity. However, MDA concentration decreased in all the studied organs. This indicates a reduction of lipid peroxidation under the action of the darbufelone active substance.
DISCUSSION
This study was designed to show the role of lipid peroxidation and of the NO system in the GIT, under the combined action of stress and NSAIDs. In the present study, rats, first fasted and then exposed to WRS for 5 hours, showed a rise of MDA concentration that conforms to the previously reported data [3, 4] . This effect is probably due to an increase in the production of catecholamines by the super-renal glands, which leads to vasoconstriction and local ischemia, and, subsequently, to gastric lesions [4, 7] . In our study, no visual changes were noticed in the intestinal mucosa, as well as in the pancreatic tissue, however lipid peroxidation was also increased. What is more, in addition to oxidative stress, iNOS expression and activity rose in all studied tissues of the GIT. This effect arranges conditions for the development of ulcerative lesions, not only in stomach, but also in the small and large intestines. Thus, we may speculate that a rise in concentration of MDA, along with the activity of iNOS, indicates pre-inflammatory conditions in the organs of the GIT.
Stress is much more complicated notion than only the hyperproduction of chatecholamines. Glucocorticoid production also increases under conditions of stress [2] . These hormones inhibit phospholipase A 2 , an enzyme responsible for the release of arachidonic acid, which serves as a substrate for the COX enzymes. Thus, WRS induces a significant inhibition of PGE generation by the gastric mucosa [4] .
Pretreatment with naproxen in the WRS model in rats brought about a decrease of NOS activity (both isoforms). The same tendency was noticed in all studied tissues. These effects, which are induced by naproxen, can be explained by its topical and systemic activity [12] . Such activity is connected with the nonselective inhibition of COX, and with changes in permeability induced by changes in membrane hydrophylity, fluidity, thickness, bending stiffness and pore formation [12] . We suggest that the action of naproxen sharply reduces PG synthesis when glucocorticoids are over-produced as a response to stress. Such an opinion corresponds that of Brzozovski et al. [1] . In their study, nonselective COX inhibition was induced by the administration of indomethacin at a dose of 5 mg/kg. Moreover, indomethacin inhibited generation of endogenous PGE 2 by about 85%.
The deficiency of PGs under the combined action of stress (glucocorticoids) and the COX-1/COX-2 nonselective inhibitor, naproxen, may play a crucial role in bringing about damage to the tissues of the GIT by suppressing the adaptative cytoprotection against stress. The evidence towards this effect allows us to suggest that the relationship between COX-1 and iNOS was underestimated. However, the close connection of COX-2 and iNOS was described previously [11] .
The same dose (10 mg/kg) of the COX-2 inhibitor, celecoxib, practically did not affect iNOS activity. Indeed, in our experiment, the administration of celecoxib inhibited iNOS activity only in the pancreas. Previous literature saw that WRS significantly decreases the expression of COX-2 and iNOS in the gastric mucosa. Moreover, such literature suggests that COX-2 selective inhibition displayed cytoprotective activity in the pancreas of caerulein-induced rats [6] .
The lipoxygenase (LOX) pathway is known to play an important role in inflammation. Leucotriens and lipoxins produced via LOX activity are associated with leucocytes activation and adhesion to the vascular endothelium. Thus, they can bring about damage in the GIT. Experimental data support the postulate that COX inhibition with NSAIDs, besides inducing a reduction in the synthesis of PGs, diverts arachidonate to the 5-LOX pathway, hence increasing the formation of leucotriens [10] . This brings about vasoconstriction, and increases the formation of reactive oxygen radicals from the peroxidative cleavage of hydroxyeicosatetraenoic acids. This then causes further mucosal injury. Thus, compounds that combine COX/LOX inhibition are potentially an alternative to classical NSAIDs and to selective COX-2 inhibitors. Dual inhibitors, by acting on the two major arachidonic acid metabolic pathways (COX and LOX), possess a wider range of anti-inflammatory activity [10] . Beyond this, dual inhibitors appear to be almost exempt from gastric and cardiovascular toxicity, which is the most troublesome side effect of COX inhibitors. In our experiments, the dual acting COX/LOX inhibitor, 2A5DHT, decreased the concentration of MDA and the activity of iNOS. What is more, it was previously shown that it possesses reduced gastrotoxicity under condition of WRS [3] . For this reason, dual COX/LOX inhibitors may have beneficial effects upon the organism, as compared to non-selective or selective COX-inhibitors, under conditions of acute stress.
CONCLUSION
WRS in rats was accompanied by the activation of iNOS activity and the development of oxidative stress manifested by an increase of MDA concentration in the intestinal mucosal and muscular membranes, as well as in pancreas. Pretreatment with a nonselective COX inhibitor (naproxen) decreased iNOS activity in all studied organs. The COX-2 selective inhibitor, celecoxib, did not change the iNOS activity in the WRS model, however, it did reduce the lipid peroxidation. Of note, dual COX-2/5-LOX inhibition by 2A5DHT decreased iNOS activity and the concentration of MDA. For this reason, dual COX/LOX inhibitors may have beneficial effects on the organism, as compared to nonselective or selective COX-inhibitors, under conditions of acute stress.
